Dental implant treatment is an excellent option for prosthetic restoration that is associated with high success rates. Implant stability is essential for a good outcome. The clinical assessment of osseointegration is based on mechanical stability rather than histological criteria, considering primary stability (absence of mobility in bone bed after implant insertion) and secondary stability (bone formation and remodelling at implant-bone interface). The aim of this study was to review the literature on Resonance Frequency Analysis (RFA) as a method for measuring dental implant stability. An online search of various databases was conducted on experimental and clinical research published between 1996 and 2008. The studies reviewed demonstrate the usefulness of RFA as a non-invasive method to assess implant stability. Further research is required to determine whether this system is also capable of measuring the degree of dental implant osseointegration.
Introduction
In 1969, Bränemark et al. demonstrated that direct contact between bone and titanium implant surface was possible, defining osseointegration as "the direct, structural, and functional contact between live bone and the surface of a functionally loaded implant". The first clinical report on dental implants, published a few years later, clarified that establishment and maintenance of osseointegration depends on the capacity of the tissues for healing, repair, and remodelling (1) . Shortly afterwards, Schröeder et al. defined this bone-implant union as a "functional anchylosis" (2) . The empirical nature of these initial formulations has now been recognised, and osseointegration is accepted as a histological term denoting direct bone apposition on the implant surface with no interposition of soft tissue. Clinical assessment is based on mechanical rather than histological criteria of stability (3), considering primary and secondary stability. Primary stability is the absence of mobility in the bone bed upon insertion of the implant and depends on the quantity and quality of bone, surgical technique and implant design. Secondary stability depends on bone formation and remodelling at the implant-bone interface and is influenced by the implant surface and the wound-healing time. Bonehealing is activated at the bone-implant interface after the surgical injury produced during preparation of the implant site (4) . The clinical definition of implant osseointegration considers the level of stable marginal bone and absence of mobility in the bone. Therefore, the diagnosis is based on radiographic and mechanical stability criteria. Periimplant radiolucent areas and marginal bone height can be identified on X-ray, although only mesiodistal changes are detected. Sundén et al. (5) stated that high-quality radiography is necessary to optimise the irradiation geometry, density and contrast. Invasive and non-invasive clinical tests are available to objectively assess implant stability. Invasive tests to determine the extraction torque of the implant are largely used in experimental studies. Non-invasive systems include the Periotest and RFA. The Periotest® system (Periotest®, Siemens) was originally designed to quantify signs of stress resorption by the periodontal ligament surrounding the tooth, as a measure of mobility (6) . It is a hand-held device with a metal bar that is attracted to the tooth by an electromagnet, giving an audible signal and showing the measurement digitally on a scale from -8 (low mobility) to 50 (high mobility) PTV units. After the first studies on RFA by Meredith et al. (7) in 1996, Integration Diagnostics AB (Savedalen, Sweden) launched the Osstell® system in 2000. Researchers at the University of Taipei (Taiwan) (8) also developed an RFA system, the Implomates® (Bio TechOne) system. In the initial studies published by Meredith et al. (3, 7) , the units of measurement used were kilohertz in a range from 3500 to 8500 kHz. The Implant Stability Quotient (ISQ) was subsequently developed, converting kHz units to ISQ values on a scale of 1 to 100, with high values indicating high stability. The Osstell® system now features the Osstell Mentor®, a type of electronic tuning fork that automatically converts kHz to ISQ values. It is a portable, hand-held device that emits signals repeated by a transducer that is screwed directly into the implant or transepithelial abutment with a force of 5-10 Ncm, calculating the resonance frequency (in ISQ values) from the response signal. 
Material and methods
The first studies on RFA as a method for measuring stability appeared in 1996. We reviewed the literature on RFA published between 2007 and February 2008. The key words used for the search were dental implant, resonance frequency analysis, stability. We started with an online search of the PubMed (MedLine) database followed by a search of other databases, such as Scopus and ISI, to detect scientific studies on RFA. Search criteria were: nº publications per author, nº studies on RFA published each year, nº studies published in each journal, disciplines featuring these studies, and the most frequently cited publications (H index). RFA presented an H index of 21, obtained from the number of references received by each scientific study by an author. Doctoral theses in the TESEO and Digital Dissertation databases were also reviewed and, finally, the Cochrane Library was consulted. Study inclusion criteria were: most cited publications (H index) and recent scientific research (between January 2007 and February 2008) which included articles on topics of clinical interest published in high-impact journals.
Results
In the first on-line database search, 154 published studies were found, constituting the initial study sample. A descriptive study was performed on: author, publication date, journal, and field of study. No other authors accounted for more than 5% of the total (Fig. 1) . RFA studies were found in a wide range of disciplines.
The largest proportion appeared in the field of oral surgery and dentistry (72%), followed by dental engineering (27%), general surgery (13%), biophysics (11.6%), and psychology (7.7%).
The following studies met our selection criteria: 1º-The 21 most cited articles were selected on the basis of the H index (H index=21). (31) found no correlation between bone-implant contact (BIC) and RFA, while Al-Nawas et al. (32) confirmed the benefits of a rough implant surface for increased RFA-measured stability. Karl et al. (33) compared the different locations of mandibular and maxillary ITI implants and found a significant correlation between these variables. They also observed that RFA measurements can identify unstable implants. Verdonck et al. (34) carried out experimental studies using RFA to determine the stability of implants placed in irradiated bone and found that irradiation had an adverse effect on bone vascularisation and hence on implant stability. As evidenced by this review, objective assessment using the RFA method has made it possible to quantitatively and qualitatively analyze the stability of various types of implants and examine their behaviour under different bone and loading conditions.
